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Introduction 

Globally, the chemical industry and 
Regulatory Agency’s such as the 
U.S. EPA spend millions of dollars in 
testing and assessing the health 
risks associated with chemicals. The 
risk management process is 
currently conducted using 
experimental data. 

Problem 

There are significant gaps in 
the availability of experimental 
toxicity data for most 
toxicological endpoints. 

Solution 

Activity/Property Relationships 
(QSARs/QSPRs) to estimate 
toxicity 

QSARs/QSPRs: 

(e.g., LOAEL, mutagenicity, LD50) 

of the chemical alone 

computers 

Phase I. Develop QSAR Equations 
APPROACH i
project is divided into three parts: (A) Calculate descriptors, (B) 

and (C) Generate QSAR equations and validate using 
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A. Calculate 
descriptors 

B. Analyze 
chemical clusters 

C. Generate 

• Calculate 3-D 
coordinates of atoms 
using molecular 
mechanics (MM3), if 
unavailable 

• Calculate approx. 
800 2-D and 3-D 
descriptors 

• 
calculated using 
MOPAC 

• Group chemicals in 

values 

• All descriptors are 
used in the cluster 

• Based on Ward’s 
method 

• Clusters contain 

chemicals 

• Final QSAR equation 
generated using 

genetic algorithm 

• Each cluster has a 
QSAR equation 

• 

(Leave-One-Out and 
Leave-Group-Out) and 
external validation 
datasets 
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Phase II. Estimate Chemical Toxicity 
Graphical User Interface (GUI) 

• 
of most similar clusters 

• Report provides 5 best 
predictions and associated 
confidence intervals 

• Report also presents average 

predictions 
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Abstract  

Quanti tati ve structure-acti v ty re ati onsh ps QS A R s  are be ng devel oped to pred ct the 
tox col og ca  endpoi nts f or untested chem ca s s lar n structure to chem ca s that have known 
ex per menta  tox col ogi cal data.  B ased on a very l arge number of predetermi ned descr ptors, an 
anal ys s findi ng chem cal cl usters of s mi lar descr ptors w  be performed uti lizi ng W ard’ s 
method.  F or al  chem cal cl usters that have a reasonable number of chem cal s, a QS A R  w l l be 
deve oped to pred ct a tox co og ca  endpo nt f or untested chem cal s of s ar structure. 
Opt mal combi nati ons of the descr ptors w  be found by mpl ement ng a genet c al gor thm that 
searches through the space of a  predeterm ned descr ptors to f nd what comb nat ons of these 
descr ptors produce the most accurate QS A R  pred cti on.  E ach QS A R  devel oped w  have to 
meet certa n stat sti ca  cr ter a to be cons dered va d.  B ecause the search through descr ptor 
space i nvo ves m ll ons upon m ll ons of ca cul at ons, thi s research w l l eff ecti ve y uti l ze E PA ’ s 

gh-performance computi ng resources. 

Use Quantitative Structure-

• Can relate biological activity 

to physicochemical properties 

• Properties depend on the structure           

• Properties can be calculated using 

: For each tox city endpoint, the QSAR development phase of this 
Analyze 

chemical clusters 
regression analysis and genetic algorithm. 
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